Introduction {#S0001}
============

Colon cancer is one of the most significant malignancies in the gastrointestinal tract \[[@CIT0001], [@CIT0002]\]. Each year about 1,000,000 new cases of colon cancer are diagnosed \[[@CIT0003]\]. Despite great breakthroughs in the treatment of colon cancer, recurrence and metastasis of tumour still affects the prognosis of patients. To increase survival rates of colon cancer patients, there is an urgent need for development of new therapeutic targets.

Aplysia Ras Homolog I (ARHI) is a small GTP-binding protein-encoding gene located on human chromosome 1p31 \[[@CIT0004], [@CIT0005]\]. Interestingly, despite sharing 54--59% homology with Ras, a proto-oncogene, ARHI is a tumour suppressor gene in a variety of tumours \[[@CIT0006]--[@CIT0008]\]. ARHI was the first tumour suppressor gene Ras superfamily. In cancer cells, expression of ARHI down-regulates cyclin D1 activity, induces p21WAF1/CIP1 expression, and inhibits cell growth *in vitro* and *in vivo* \[[@CIT0009]--[@CIT0011]\]. The effect of ARHI on cell growth depends on an NH2-terminal extension of the molecule that sets ARHI apart from Ras \[[@CIT0012]\]. Moreover, ARHI can suppress the motility and invasiveness of tumour cells \[[@CIT0013], [@CIT0014]\].

An article reported that ARHI expression is weak or absent in breast cancer cells; however, ARHI is overexpressed in normal breast tissues \[[@CIT0015]\]. A similar result was found in ovarian cancer \[[@CIT0016]\]. Nevertheless, the effects of ARHI in colon cancer cells still remain unknown. Hence, in the present study, we aimed to explore the role of ARHI in colon cancer. Along with the development of research, we further investigate the molecular mechanism that down-regulates expression of ARHI in colon cancer. Gene inactivation is caused by DNA methylation, loss of heterozygosity (LOH), and mutation. Feng *et al*. reported that LOH and promoter methylation down-regulated ARHI expression in human ovarian cancers \[[@CIT0017]\]. However, the inactivation cause of ARHI in colon cancer has not yet been reported. In the course of these studies, we found that the expression level of ARHI was highly correlated with promoter methylation.

Material and methods {#S0002}
====================

Patients and tissue samples {#S20003}
---------------------------

Pathologic specimens with colon cancer were collected from the Department of Pathology of the First Affiliated Hospital, Henan University of Science and Technology. For immunohistochemistry analysis, these colon cancer cases included 60 paraffin-embedded colon cancer samples, with a mean age of 58 years (range, 42--71 years). Thirty fresh paired colon cancer and noncancerous colon tissues were used for methylation-specific PCR (MSP), LOH, and mutation detection. Informed consent on collection of samples was obtained by each patient. The study was approved by the Medical Ethics Committee of the first affiliated hospital of Henan University of Science and Technology.

Immunohistochemistry {#S20004}
--------------------

4-µm sections were cut from the selected paraffin blocks. After washing the sections three times in phosphate-buffer saline (PBS), anti-ARHI (sc-30321, Santa Cruz, USA) was incubated overnight at 4°C and at 1: 200 dilution. Labelling was detected by adding biotinylated secondary antibodies (Maxim-Bio, Fuzhou, China), avidin-biotin complex (Maxim-Bio), and diaminobenzidine (Maxim-Bio). The percentage positivity was scored as "0" (0--25%), "1" (26--50%), "2" (51--75%), or "3" (\> 75%). The staining intensity was scored as "0" (no staining), "1" (weakly stained), "2" (moderately stained), or "3" (strongly stained). If the product of multiplication between staining intensity and the percentage of positive cells was ≤ 3, it was considered as low expression of ARHI, and high expression as a total score ≥ 4.

Reverse transcriptase-PCR {#S20005}
-------------------------

Total RNA was prepared according to the manufacturer\'s recommendation, and 5µg RNA was used as a template for cDNA synthesis. Reverse transcription was performed for 15 minutes at 42°C in first strand buffer. The reaction was terminated by incubation for 5 minutes at 0°C. The primers used in RT-PCR are listed in [Table 1](#T0001){ref-type="table"}.

###### 

Primers for RT-PCR, LOH, SSCP, and MSP

  -------------------------------------------
  Primers       Sequence (5'-3')
  ------------- -----------------------------
  **RT-PCR**\   \
   ARHI-F\      TCTCTCCGAGCAGCGCA\
   ARHI-R       CGTCGCCACTCTTGCTGTCG

  **LOH**\      \
   D1S2829-F\   GTGGTTTATATGACTTACTGTGGG\
   D1S2829-R    GCACNCCAGCCTAGGTA

  **SSCP**\     \
   Exon 1-F\    ATTTGGAAAAGGGATTGG\
   Exon 1-R\    GTTGGGTTAGTTTTTTATAGTTGGTT\
   Exon 2-F\    GTAAGGGAGAAAGAAGTTAGA\
   Exon 2-R     TACTATCCTAACAAAACCCTC

  **MSP**\      \
   CpGI-F\      GTTGGGTTAGTTTTTTATAGTTGGTT\
   CpGI-R\      AACCAAACAACCTAAAAAACAAATAC\
   CpGII-F\     GGGACACCGCTGATCGTTTA\
   CpGII-R      ATAGGAAGATTAGAGATTAT
  -------------------------------------------

Western blotting {#S20006}
----------------

The samples were prepared by the sonication of scrapped subconfluent cells in PBS containing 1 mM phenylmethylsulfonyl fluoride (PMSF) and 10 µg/ml aprotinin. Total protein of 30 µg was boiled for 10 minutes before being loading onto 10% polyacrylamide gels and transferred to a polyvinylidene fluoride (PVDF) membrane. The membranes were incubated with ARHI antibody, followed by HRP-conjugated secondary antibody. Lastly, ARHI was visualised by enhanced chemiluminescence.

Loss of heterozygosity and mutation analysis {#S20007}
--------------------------------------------

Allelic losses were analysed by PCR amplification with primers amplifying polymorphic microsatellites internal to ARHI at loci D1S2829. The primer sequences are shown in [Table 1](#T0001){ref-type="table"}. PCR was performed on 80 ng of DNA for each sample. PCR products were denatured for 10 minutes at 100°C and then loaded on 8% denaturing gel. Cases were defined as LOH when an allele peak signal from tumour DNA was reduced by 50% compared with the normal counterpart.

Mutations of exon 1 and exon 2 were examined by PCR-SSCP. PCR amplification with primers is shown in [Table 1](#T0001){ref-type="table"}. Then the PCR products were loaded on an 8% denaturing gel to examine mutation.

Genomic DNA extraction and methylation-specific PCR {#S20008}
---------------------------------------------------

To examine methylation of the promoter, we extracted DNA and treated genomic DNA with sodium bisulphite as reported previously \[[@CIT0018]\]. In brief, 2 µg of DNA was denatured by treatment with 2 M NaOH and modified with 3 M sodium bisulphite for 16 hours. DNA samples were treated with CpGenomeTM DNA Modification Kit (CHEMICON, CAD) and resuspended in 25 µl water 2-µl aliquots, which were used as templates for PCR. For analysis of methylation of the ARHI promoter, MSP was performed with primers for the ARHI promoter, as shown in [Table 1](#T0001){ref-type="table"}. PCR products were loaded onto 1% agarose gel and visualised under UV light.

Statistical analysis {#S20009}
--------------------

The SPSS 11.5 software package for Macintosh (SPSS Inc, Chicago, IL) was used for all statistical analyses. Chi-squared tests were used to evaluate the association between categorical variables and the ARHI expression. The Student *t* test or the *t* test for paired data was used to compare mRNA and protein expression levels in different groups. A significant difference was identified when the probability was less than 0.05.

Results {#S0010}
=======

The expression levels of ARHI in colon cancer tissues {#S20011}
-----------------------------------------------------

To investigate ARHI mRNA expression in colon cancer tissues, RT-PCR was used to analyse the expression of ARHI in six paired colon cancer and noncancerous colon tissues. The results suggested that ARHI was down regulated in all of the colon cancer tissues compared with the paired noncancerous tissues (*P* \< 0.05, [Fig. 1A](#F0001){ref-type="fig"}). Moreover, we detected the expression of ARHI in six paired colon cancer and noncancerous colon tissues. Compared with paired noncancerous colon tissues, expression of ARHI protein was relatively weak in colon cancer tissues, and this result was consistent with the result of RT-PCR (*P* \< 0.05, [Fig. 1B](#F0001){ref-type="fig"}).

![Expression levels of ARHI in colon cancer tissues and the paired noncancerous tissues. **A)** ARHI mRNA expression; **B)** ARHI protein expression](WO-18-23621-g001){#F0001}

ARHI protein expression in colon cancer samples and normal colon tissues adjacent to cancer were detected by immunohistochemistry. We assessed the expression of ARHI in 60 paraffin-embedded colon cancer samples. The low immunoreactivity of ARHI was observed in 61.7% (37/60) of colon cancer samples, while 38.3% (23/60) of colon cancer specimens showed high expression of ARHI ([Fig. 2](#F0002){ref-type="fig"}). However, the ARHI-positive rate in adjacent noncancerous areas was 86.7% (52/60).

![Expression patterns of ARHI in colon cancer tissues. **A)** High expression of ARHI in normal colon tissues (200×); **B)** High expression of ARHI in colon cancer tissues (200×); **C, D)** Low expression of ARHI in colon cancer tissues (200×)](WO-18-23621-g002){#F0002}

Relationship between ARHI expression and clinicopathological factors {#S20012}
--------------------------------------------------------------------

To better elucidate the clinical significance of ARHI expression in colon cancer, we analysed the correlation between ARHI and clinicopathological factors of colon cancer. [Table 2](#T0002){ref-type="table"} shows that the down-regulation of ARHI was significantly associated with tumour differentiation (*p* = 0.005) and Dukes' stage (*p* = 0.011). No significant association was found between ARHI expression and the other clinicopathological factors, such as gender, age, tumour size, and Lymph node metastasis.

###### 

Association between ARHI expression and clinicopathological features of the colon cancer patients

  -----------------------------------------------------------------
  Variable                  Cases   ARHI expression   *P*   
  ------------------------- ------- ----------------- ----- -------
  Gender\                   \       \                 \     \
   male\                    40\     17\               6\    0.408
   female                   20      23                14    

  Age (years)\              \       \                 \     \
   ≤ 58\                    29\     12\               11\   0.791
   \> 58                    31      17                20    

  Tumour size\              \       \                 \     \
   ≤ 2 cm\                  24\     12\               11\   0.177
   \> 2 cm                  36      12                25    

  Tumour differentiation\   \       \                 \     \
   Grade 1\                 14\     10\               13\   0.005
   Grade 2 + 3              46      4                 33    

  Dukes' stage\             \       \                 \     \
   A + B\                   21\     13\               10\   0.011
   C + D                    39      8                 29    

  Lymph-node metastasis\    \       \                 \     \
   no\                      37\     15\               8\    0.787
   yes                      23      22                15    
  -----------------------------------------------------------------

Loss of heterozygosity and mutation analysis {#S20013}
--------------------------------------------

To investigate the effects of LOH and mutation on down regulation of ARHI expression, a microsatellite marker, D1S2829, and PCR-SSCP were used in 30 cases. Representative results of LOH analysis were shown in [Fig. 3](#F0003){ref-type="fig"}. Loss of heterozygosity can be defined in a colon cancer sample in which one allele is decreased by at least 40% relative to the other. From all 30 cases, only 3 had LOH by using D1S2829. PCR-SSCP denaturing PAGE gel electrophoresis analysis of the ARHI gene was performed on colon cancer and adjacent noncancerous tissues. We screened the exon 1 and exon 2 of the *ARHI* gene, and no mutation was found in colon cancer or adjacent normal colon lesions ([Fig. 3](#F0003){ref-type="fig"}).

![Results of LOH of ARHI (upper panel), 1 case of LOH was found (arrowhead); PCR-SSCP of exon 1 and exon 2 of ARHI (lower panel)](WO-18-23621-g003){#F0003}

Frequent hypermethylation of ARHI in colon cancer {#S20014}
-------------------------------------------------

To explore the mechanism of ARHI down-regulation in colon cancer, the methylation status of ARHI was measured by MSP in 30 colon cancer tissues. As shown in [Fig. 4](#F0004){ref-type="fig"}, the methylation rates of ARHI were 53.3% (16/30) and 46.7% (14/30) in ARHI CpG I and CpG II, respectively. Therefore, methylation of the promoter maybe involved in down regulation of ARHI expression.

![Methylation analysis of ARHI CpG I and CpG II in colon cancer tissues](WO-18-23621-g004){#F0004}

Discussion {#S0015}
==========

ARHI is a tumour suppressor gene that plays an important role in the proliferation and survival of cancer cells, and which is frequently downregulated in various cancers \[[@CIT0019]--[@CIT0022]\]. The mechanisms of ARHI downregulation are very complex, including promoter methylation, LOH, and histone acetylation. Despte extensive studies of ARHI in many other cancers, little is known about its role in colon cancer. Here we found that ARHI mRNA and protein expression levels were significantly reduced in colon cancer tissues compared with the paired noncancerous tissues, which is consistent with the Yuan *et al*. report on breast cancer \[[@CIT0023]\]. Our results indicate that ARHI acts as a tumour suppressor gene in colon cancer. Immunohistochemistry assays suggest that low ARHI expression had significantly worse differentiation degree. Furthermore, low ARHI expression was significantly associated with Dukes' stage, which might demonstrate that the low expression of ARHI was correlated with more aggressive clinical stage in colon cancer.

Then we further investigated the mechanisms of ARHI downregulation. In the present study, LOH for ARHI was found only in 10% (3/30) of all colon cancer cases, obviously lower than the previous reports in which LOH had been detected in 40% of ovarian cancers. This discrepancy may stem from the relatively small samples or different types of cancer. Therefore, LOH did not account for the major cause of the colon cancer in which ARHI was down regulated.

Point mutation is a type of mutation that causes the replacement of a single base nucleotide with another nucleotide of the genetic material, and it could be an important mechanism for downregulation of gene expression. By using PCR-SSCP we did not find mutation of ARHI in exon 1 and exon 2. Thus, mutation also was not the main mechanism for ARHI downregulation.

Hypermethylation of the CpG islands of the promoter region is known to silence some genes as effectively as inactivation of the gene by mutations and deletions. Epigenetic changes of tumour-related genes through hypermethylation of CpG sites in the 5-promoter regions of various genes has been reported in different cancers. Thus, hypermethylation within a promoter of a tumour-suppressing gene may lead to inhibition of gene transcription and loss of its function. In the process of our study, methylation status of the ARHI promoter was examined in 30 colon cancer samples, and hypermethylation of ARHI CpG I and CpG II was 53.3% (16/30) and 46.7% (14/30), respectively, in colon cancer cases. The frequency of promoter hypermethylation of ARHI was relatively higher than that of ovarian cancers (31%). Consequently, promoter methylation and inactivation of ARHI may play critical roles in the carcinogenesis of colon cancer.

To the best our knowledge, this is the first study evaluating the expression levels of ARHI mRNA and protein in colon cancer tissues and its correlation with clinicopathological factors. In addition, promoter hypermethylation is a major cause for downregulation of ARHI. ARHI may be a valuable biomarker for diagnosis and progression of colon cancer.
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